Objective-To assess the effects of exercise training on ventilatory function in chronic heart failure.
Conclusion-Exercise training reduces the ventilatory abnormalities in chronic heart failure; thus some of these changes may be due to physical deconditioning.
(Br Heart J 1992;68:473- 7) Reduced capacity to exercise in patients with chronic stable heart failure is often associated with breathlessness that may be defined as either a sense of laboured respiration or increased breathing frequency volume.' 2 The origin of this symptom is multifactorial,' but increased ventilation plays a part. Haemodynamic abnormalities are only poorly correlated with the intensity of dyspnoea.'
Other factors, such as the changes in skeletal muscles that cause the early start of acidosis during exercise5 (as detected by magnetic resonance spectroscopy6) may increase ventilation during exercise and thus contribute to dyspnoea. Wasting, weakness, and early tiredness,7 particularly of the leg muscles, increase the perception of the severity of exercise and through changes in respiratory reflexes may increase breathlessness. Drugs that reduce exercise dyspnoea in chronic heart failure often do so four to eight weeks after the acute haemodynamic improvement has occurred, and it may be that changes in some of the peripheral abnormalities of heart failure must take place first. We hypothesised that these abnormalities may be major limiting factors in their own right,6 and that if the function of skeletal muscle were improved through a programme of physical training, increases in capacity to work and ventilatory function might follow.8 We therefore evaluated the effect that a home based programme of physical training had on the ventilatory performance during exercise in patients with chronic stable heart failure.
Methods
The study was approved by the local ethics committee. Twenty two patients with chronic heart failure participated in the study (seven had participated in an earlier training study8). Minute ventilation showed highly significant decreases at submaximal workloads, but no change at peak exercise (table 3 ). An inverse correlation between peak minute ventilation and severity of heart failure has been reported in severe chronic heart failure," but we found no such correlation within the group. There was a non-significant trend for the tidal volume to increase earlier and to a greater extent during exercise, with severity of disease. dependent on effective minute alveolar ventilation, and so to assess whether the changes in minute carbon dioxide excretion were related to the changes in minute ventilation, we plotted the change in minute carbon dioxide excretion that training induced against the reduction in minute ventilation at each minute of each workload for each patient and found that for all subjects there was a highly significant correlation (mean correlation r = 0-88 (0 11) (p < 0 01).
The time taken to reach a respiratory quotient (RQ = Vco2/Vo2) of unity increased significantly with training from 10 9 (2 9) minutes to 13-7 (2-8)minutes,p < 0 01, reflecting a delay in the start of anaerobic metabolism. At submaximal workloads, although not at rest or at peak workloads, the respiratory quotient was reduced significantly (fig 1) .
The relation between minute ventilation and minute carbon dioxide excretion, which has been reported to be steeper in those with heart failure" was studied. In each patient the correlation between Vi and carbon dioxide excretion, found by simple regression analysis, exceeded 0-9. The slope of the Vi-Vco2 line decreased from 38-6 (11 0) to 35-5 (8&4), p < 0 01 (ml of ventilation/ml of carbon dioxide excretion). There was a significant inverse relation between the steepness of the Vi-Vco2 slope and the capacity to exercise (detrained r = 0-64, p < 0 001, trained r = 0-56, p < 0 01), as previously described.3
Whereas the relation between minute ventilation and carbon dioxide production is linear, the relation between the ventilatory carbon dioxide equivalent (minute ventilation/carbon dioxide excretion) and exercise time is not. Each patient showed the same general pattern (fig 2) . At rest the Vi/Vco2 value was comparatively high. As exercise progressed the Vi/Vco2 value progressively decreased until a trough point was reached. This point was established by taking the minimum numerical value of Vi/Vco2. If there were more than two points with an identical minimum value, the middle one of the range was taken. With increasingly heavy workloads the carbon dioxide ventilatory equivalent increased, continuing to do so until exercise stopped. The trough point, which may be regarded as that part of the exercise test where patients require the least minute ventilation per unit of carbon dioxide excretion, was reached before training at 65-8 (13-5)% of peak work load, and after training at 69-6 (13)% of peak work load (NS). This point of maximum ventilatory efficiency with respect to carbon dioxide excretion correlated well with total exercise time before and after training (fig 3) . The start and trough point were both affected by the training process (fig 4) , both being lowered, and the time taken to reach the trough point was significantly delayed by training, from 7 9 (3) minutes to 101 (3 3) minutes. The steeper increase in minute ventilation at higher workloads (comparing the difference between the trough with maximum Vi/Vco2), unlike the linear . standardised for carbon dioxide production and so it represents ventilatory efficiency. In normal subjects, however, this is also correlated with chemoreceptor responsiveness to hypoxia and hypercapnia. 22 The point of maximum ventilatory efficiency was improved and delayed by the training process. The good correlation of this point with total exercise time suggests that optimum ventilatory performance is related in a meaningful way to capacity exercise in heart failure. The relation may be through pulmonary and systemic haemodynamics, chemoreceptor sensitivity, or skeletal muscle changes. This point of optimum ventilatory efficiency may be an objective method of assessing the efficacy of therapeutic interventions in the treatment of chronic heart failure.
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It is often assumed that the Vi/Vco2 relation is close to linear, so that the slope of the line can describe its behaviour. Although the individual correlation coefficients of Vi v Vco2 are high (>09) this does not imply a straight line relation between the two. Figure 2 shows the relation is clearly not linear but turns up at the end so that we believe the plot of instantaneous Vi/Vco2 v exercise time or load with its trough point gives more information than the conventional plot of Vi v Vco2. This is supported by the better correlation between trough point Vi/Vco2 and exercise time than between mean Vi/Vco2 slope and exercise time.
In conclusion, we found that a short course of mild home based exercise training was effective in improving the exercise peformance of patients with NYHA class II and III stable chronic heart failure, improving peak exercise capacity, decreasing submaximal minute ventilation and carbon dioxide output, and improving ventilatory efficiency. It may be that s6me of these changes in chronic heart failure are the result of deconditioning rather than the heart failure itself. 
